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[0 0 0 6] 

tfz. it^^^mi^^ 'o^j:^mmii:^m^zix^xmmmm<Dm^t^mmmm.m 
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y y KH J: f9 K-^^° > h mi^iim^^^t^^^mi^m \<ZX^mW[.^fifz9 y v a 

ym^Mf&L. ^<r>^ y 3 ym±izmit^mMmmm^jfmL. tmimmm 
mmm±<r>^^yT^ yir^'iy vizmm^y^^i^^-r^xoiiZLfz-^^h. ^-^Bf 
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'KMimmhx.xmx^^^o ^(r^^mwrn^^itmrnz-BLf^tz^^. ^^mz 
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[0 0 2 1 ] 

h\^xm^-^^^hif^^\^^^^ T?ig^35r^ K-/N'> 

0 I I I -VJ^Jb'&^t^^^'mJ: 0 4^-2>f§7t/ig|5^: Lr(±. (A 1 xG a i - x) 
y I n 1 _ y P (/z/iL. O^x^l, O^y^i; J':i.T. TA 1 G a I n Pj 
tiiUmir^) XtilnxGayAl i_x-yN (O^x^l, O^y^l, 
x + 1 ; mT> n n G a A 1 NJ t i>mm.-t^) t^J: "9. ^-^MM^^ 

[0 0 2 2] 

Jjfl^^ l§7l&^g|5=^A 1 G a I nPt3T«^L. ^-^mMi^7 -y KS^. Z n 

^ pM K-^^•> h ti-^ pM^' ^ y K® t L-r«i3S;i-^%'^. z n?tJtc7)i^v^^ 

ym<r>Z niiJ^^rpM^'^ y K^J: ^ 16: < ISl^i" >5> ^ <!: -C\ ^<7)J; ^ =tz nco 
traoPp^M ^ W U dlig-r >! ^ -5> o 

[0 0 2 3] 

m-mmM^'yy Ym(D^W^^^)rmmt^ 5X10l6//cm3j,:JLJilx 

1 0 1 ^ / CTCi^^mttj:'^X\^^h^ti)mtL\^^o ^m^-V >; TjtJS75>^'5 X 1 

Qi^/cm'i^mxi±mi'<^mmmm±L. ^^mmo^i^nw^io ttz 
. 1 X 1 0 1 8 / c m 3 j.:j._h n ^ h . tmimm^^'L'^ hta^ ^mm\t.i)m^ 

?llJS{i, 1 X 1 0 1 7/cm3j,:J.±7 X 1 0 1 7/ c m 3 J^Tiii"'?) <b >^^^J: "9 
MS Lv^o 
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0 1 6/'cm3j^Ji9 X 1 0 1 ^ y c i^J.T t^^ -oX\^^^ Z t-^mt Lv^o ^ 

i!c^ ^ T?tJt7&M X 1 0 1 6 / c m 3 mnr-iim^<7)mymin.:^m±L, mi- 

<7)ffll:^[ti^l±(7)±#^JS<^ jife:^, 9X101 ^ / cm^ im^^t. y v 

-r<^f). mi^^^y<^^T^^'r^zti,z^^^-/}^:bo ^ y v^>^<7)K-/^'>- 
^^t«^±> 9X101 6 / c m 3 J.:Jl_h 6 X 1 0 1 7 / c m 3 J^JIT t i"^ ^ t t&^'J: 

[0 0 2 51 

ytnf^^mi'7 4 y:dm^^ionhm±ii-ttliit~^C^j:^^o Z(Dm^. ^yl^a 
[0 0 2 6] 

^^tffli-^^ .h;e>W*-e*)^o A 1 Ga I n P t;r|§7fe^g|5^t#i3&i-^tt^, ^ 
V 3 >^C7) e^fW^T^t^-K-i: LT. AlGaAs. GaP. GaAsP. AIG 
a A s P^I^J^-e^^o tfz^ ^ yi^3ym'k±U<DX^{zm<MJt^'r^Ztli 

-5>VM± I n G a A s izxmf^-t ^m^k. AlGaAsPJ:«9 4^^^yv3 

X mmm^^m t <ot&T-s^t4 ^ is ^6 ^ ii.-^. is ^ -c# izm^}jx$>^ o 

[0 0 2 7] 



ttlliE# 2003-3076046 



Wm 2002-3 4-9259 ^- v : 11/ 

^itmmv^ y '> 3 ymii. mw^mnnf&Wii (movpe-^) > mm^ 

t:>^v^;wjiK:R?S (LPE-m . ^b^vMi^^-l' Vy^ VMMf^&ri (Hydride 
Vapor Phase Epitaxial Growth Method: HVPE-&) cOV^-TYltJ^ Xii^flh 
oa-^-tirtict i9ff^^-t-'2>- <i:75^~-el^^o ^fi^x MO V P Erifiift °pR<7)^7^:«^ 

. ^ •yi^aymiimi^(OXnlzm<fi^J^^-t^Zt^^mtL\^^:^-h. MOVPEvi 
[0 0 2 8] 

m.it'^MmMmmit. mx.mTOKxmj^x^z>o iron, mit^^^^v 

-e. mM^OtSt/L^^ 5 X 1 0 - 4 n • c mJilTO+^iav^'fit^-t-'S C .h/ii^'-e^ 

Cd2Sn04. Zn2Sn04. ZnSn03.MgIn204. y h 

<; -^A (Y) * K-^t7tC d S b 2 06^ ^'ftXX^^ K-^LTtG a I nOs 

o CtLibiO^'fbt^iiB^miil/ifi. ^^<7)^t§^)]i-Sx -^Ux-fffb^^^Vi (chemic 
al vapor deposition! CVD) V^{±X/^° ^ 'J y <D^m 
MM'^ (physical vapor deposition I PVD) . ^ ^^y 

^V^R'^ (molecular beam epitaxy : MB E) IZXJf^^HZ-f ^ t-^^X ^ Mk. 

(i\ I Tom^z n ommmuMmi^^^'^ y ^ y^'xuM^MMi^zx 'om^x 
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[0 0 2 9] 
[0 0 3 01 

no 4' 75^' -2)0 

[0 0 3 1 ] 
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[0 0 3 21 

ITOnmmiKDm'^WMl.^i^^'X^ InxCai-xAs (0<x^l) t^j: 

isv^-cmmf^lfil nxGa 1-xAs (O^x^l) ^: -t" ^ ^ t tS^'-C # . ^ 

x(f A lyGai-yAs (0<y^l) l<^^^ ^JSi"^ - ^ ^'-^^ ^ ^ ^ v 

HMJrbT&^P^^n/cG a I n PS, A 1 G a I n PS. G a PJS. G a A s P 
H^^vMiA 1 G a A s PgUJ: ti^i"^ ^ <!: ^ pltg-C^^o 
[0 0 3 3] 

. 75»^0. 9 •y'yBymt(D^mmn.i>nm^^<ti:'oX\^^h:Lti)^'£^^X^h^. 

n^^fzG2.K^[Z -C«^-r ^ ^-yva^g^, InAs rFte^a Jrt y ^^"it^ 

a<J/h$vM nyGa i-yAs (^J^{i\ O^y^O. 2) UTtt^-T ^^^^t 

[0 0 3 4] 

<m^^'^^o ^^x\ yy3ymtmitmmmmmmt<7)miz. mitmm 
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dH@SS^tL-tv>;i,t#^. «®^^)S(i. .^'>r-V>^VN--y K<;)ETlIit^^'b'5^ 

[0 0 3 5] 

[0 0 3 6] 

\^^-ir\^^z.ti)m^\^i'z^ 
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-^3 0 nrnSK<7)/h$^m)¥-C«$n^o ^ 7 v a »S^N GaP 
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^(D I n^Jtn^zX '0. I n^-^^L/iG a A s J: I9 4^ 'i>m^I^f ^ffMi-^^lr 
^i/^m^gm-^S^MLT I TO®ffliJ{::t£tS:t. ^tiT&^'llH i: oT I T O 

mffili (DmmMH&Ti- ^^t -h^^x. hti^o 

[0 0 3 8] 

mit'\^^^Mmmmii i t om^s-e*) . ^ y v a >^ 1 1 t ommm t o 
1; >-7'n ^m-^^MJ^^ti^o y ms^-^e J: ^ ^^^^^ k^"-^ 

[0 0 3 9] 

^^e^tctiA 1 G a As tir^fife-t^^^Ti^ I T omffi^lCffijlt/:: 'J > 
mt Lv^o AlGaAs{i> AlAsiiGaAs i: (^^Vla^B-e^) A 1 A s ^^h^h 

it^bt-r^t. AibGai-bAs tm^^^ t^^m X >oi>^-<y k^> ^-7° 
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cfc ^ A 1 G a A s J: ^) ^"'i) U ^'If^T^/s^ K^> y -fj^^-. 

Lv^o ffit-}H4m^*^#0.LT. A 1 G a A s J: ^)4^'i>'J >rn y ^e<7)A 

1 A sr^B^aJtbti. 0. 8 5J':;.TOltH-ePSi-'i>-<i:'&''M^ Lv>o 
[0 0 4 0] 

10 0 4 1] 

i)^h(D^ iTommm^<^')y^tmnm^i^w\m^mi^^^i>o "^y'y 

3 ymii^G a P cfc f)^'). m«^®>5'^^I n^^^tLfcG a A s J: ^ ^^^m^. 
ff F^e^^fe:fa<2)'; >-rn y i7mtLXt^^^j:i>(OiiA 1 G a A s-e*'5>o 
[0 0 4 2] 
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[0 0 4 3] 

^^lOOti. nMGaAsm^B^B»« ^T. TMJ 7 cO- 

-^(D^mmi-r^. nMGaAs/^-y7TlS2*^L-CA 1 G a I n P i I) 
^)SgI^2 4^f^fiKL, |g|&*®g|5 2 4 =1:119^9 1;. p M<7) ^ v a >® 2 0 i: 
I TO J: ^) '^^m^kMB^««'S3 0 i:^-<7))iiim-eff^^tf^'^<7)-e^;i>o $ 
ibi;. ^jbtJ^m^lS 0(^l5lJ4'^g|Si;(±> Au«tC-Ct«$tL/:::^^^>T-V 
>^V^•7 K975^™$tl. ^:iHAu^-CW$tL/c«SV^^ 4 77:»^^^^-^ti 
Tv^;S>o »;|S7(7)m:^<7)i^®1iJi;{i. Au-Ge-N i^^^<7)#S>i'^ 

[0 0 4 41 

^itm^2A\t. (A 1 xGa 1-x) y I " i - y V \%^Bh ^fi^ t t 

^um^}L%^X^^^ho *i$e^l^ti. jyY--f (A 1 xGa i-x) y I n i 
P {fzfiX.. O^x^O. 5 5, 0. 4 5^y^0. 5 5) \^^B-h^hf^^\^ 
14^5^. pM (AlxGai_x) y I n i _ y P ^ 9 "^^ K® 6 ^ nM (A 1 
^Gai-x) ylni-yP^^-;' K^4^^li«^/i^iS^:'^^■^■^^^^° 
m\<0%im^ \ 0 O-Cii. ^-y v3>e2 OmtlpMA l Ga I nP^^y K 
g6 (pM K-/^°> h(iZ n : *^t#iR^i^75^^<OC ^ pM K-/n'> h t LT^ 



miiEJrt 2003-3076046 



#§12 0 0 2 - 3 4.9 2 5 9 ^-v . 

^t^^) mm^f^xii^. mmmmmi siuicnSA i ca i np^^ y k 

v>J i:(7)#.i*-t?abt). at<7)^itXfIii, ^pliifl^livSX-r^ K-^^°> 

0 13-^10 1 6/cm3@K^±i5^ti-^) i: i>mm'r ^ i><^ 

[0 0 4 5] 

pMA 1 Ga I nP^y y meU. pM^^'^T^S (^m^-v';T?M«) 
{i, 5X 1 0 1 6/cm3j.:JL±l X 1 0 1 8/cm3*i1l. MtLiii. 1X1 
0l7/cm3j.:Jl± 7X101 7 / c m 3 ].:J.T-e^;i>o tfz. y v a 2 0 
Z n ^ K-/^•> h LTiitn L7t A lGaAsli<t»)^^), 
pM^-V';r?tK(i. 4X10l6/cm3j.:J.± 9X101 7/cm3jiJ.T> M 
tt<{±lX10l7/cm3j.:X±6X10l 7 / c m 3 J.J.T<7)|tHl^'e. pM 
AlGaInP^7yK)i6J:^) ^)/J>$ < f^^^ tLTv^^o 1^^^^ y v a >® 2 0 
(7))¥$(±0. 1 ;t.m]ii.±5/.mmT. L<(iO. 5 mJilJi 3 mJ^i^T-C* 
>i>o $ <bi;. pMA 1 G a I n P ^ ^ Kg 6 i: ^ V 3 >S 2 0 t(DmW^ 
liO. 6;«mJ':i.± (^iJ^t^^yva^S: 0. 1 m. ^ 7 y K® : 0 . 5 m 
) 1 0 A< m^flft: 2^-5)0 
[0 0 4 6] 

i^:j«t. hi 1 (D^itm^ 1 0 0 com^-ij'Ai'^o^''^isim-t^o 

t-r. GaAs#*S^H»«7U. nMGaAs/-^~-y7TlS2^. 
U2 AtLX. nSA lGaInP^7yK®4. AlGal nP?g14)l5. R 
X/pMA 1 Ga I nP^^-> K^6 m±lll 1 #Pe) > ^ A 1 G a A s <t ^5 
y V3>)i2 0^^<7»l|M)^i;a-tf^^v^;l-^ft^^. 0 2 (a) (7)^m 

(Metalorganic Vapor Phase Epitaxy I MO V P E) Vil^i ^^^^ O^t 
^^X^^o AK Ga. In. PRXfAs<D^f^Mt^j:^WMif^i^\^Xim 

■AlMif^; h'j^f-^^T^^^^-^A (TMAl) > b';i^;WT;W^-'^A 
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#§1 2 0 0 2 - 3 4. 9 2 5 9 



^-v: 19/ 



(TE A 1 ) ^j:t:; 

■G2.mi^~^\ (TMGa) . V ^) )V if ^) ^ (TEG 

a) 

• I nUify^ ; h'Jp^^^V^^v-^i. (TMI n) . h 'J -x.-^;^^ > v A (T 
E I n ) 5^ ^:* o 

.p^j^^-^. ^_->^;i.-/^;v.-^X7^ > (TBP) . h U i-f-^i' > (TEP 

) , ^^7.y ^ y (P H 3) 

• A s?Jg^'X : ^-^'^^^^'"•^^^■^^^^^^ (TBA) > T;1^->> (AsHs) ti: 

to 

[0 0 4 71 

. Mgilf, : lfXv^n^>:5' vJ:-->'l^-^iJ^^^-^vl7A (Cp2Mg) t\ 

• Z nrig : (DMZn) ,vJ^^;V^I& (DEZn) ii'o 

• s i : ^ ^ ^ > y ^ yy^mit^^^ to 

[0 0 4 81 
[0 0 4 91 

^>:ii> I1I2 (b) iZTT^-rx^K. c^-yi.Bym2o^m^xo^z^ <i^j^(DMm 
i^gi 5^BE-r;^o ^L-c. B12 (d) ti^-ri^t;. m^b^B^mffifso 

03 (a) H^i-J:^l3^^--7^Mi->^'$tt. $ (b) {Z7f:-r X n r ^ 
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^^''tiJ: t)l§7t«^^-;'7°5 1 t;53~^i$n^o ^LT. (d) {zm-r X 0 m 
i^;>r^y^l (e) ^z^i-J:^^3ftfli^->>^K5 2^ff^)S-t;i>^t 

Hi l^llTt^T 1 0 0:/)^^hfl^o 
[0 0 5 0] 

5n^i-j:dt::. m\tmm.mwm2, o(Dm.y\z?^itmm2 A-hm^^i^x^-h 

IC. ^ y V3>li2 0;5^V^ftb-CV>>i,/ii6. m^WDM^^/^'^-y v3>^2 01*1 
[0 0 5 11 

ifz. ^(7)^-y V3>®2 0(±. pM^-V'JT?0)t7&MX 1 0 1 S/cmSj^J. 
±9 X 1 0 1 7/cm3j,:XTcofBHl*It:\ p M A 1 G a I n P ^ ^ y 6 J: ^ 

2 OT&^'bpMA 1 Ga I nPi?^-;/ Kg 6 p M K-/n° > b «fi^C<7). m^fi^j 
[0 0 5 2] 



miiE#2 003-3076046 



!ttlS2 0 0 2 -3 4.9 2 5 9 ^-v: 21/ 



10 0 5 31 

2 0 t<Dmi.Zlt. mit^^mmmm S O tl^irhf^-C. I n g a a s a a s 

2 OTi^^A 1 G a A s ii-C^»E$n;S Cl t 4>#0.L. ^fi^^^Mi"^ 
pMK-^^•>^i^S'{'^^i^< (1?iJx.(i-lXl 0 1 9/cm3fIK) IS^^nT^^^ 

o 

[0 0 5 41 

^,^.^^^,,^_.||ituammv£7&^^*'^'t'^V^:ih. tft^> d^->f-V K9 

IS3 iti. ^->f-v K9(^itTfIit^^i-7fc:^^)tlit»/6^^^i'^^^^^^-^ 

^ ^^.^ -(nmmx^^tmtw-mwm 3 0 <7)^ft!i!istn:^^'^ < 
4 [zmn^^hn.mt. im ^ m Li^^^^^v^^-^isJt^ani \^xim 0 m t» 

10 0 5 51 

®^'B-'i3 i^2ii]-r;i>fii^tco2iii)(owii'c^>)ai^tL;i,o z.(Dn^. m 
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[0 0 5 6] 

El? (a) (c) {ZTf^-txdiz^ mmm^^ms KD^mmmu. mit^^m 
«=ii^3 o<^^^^r®t^*5v^-c53-w^^-r^-^:t-J^ mitmu2 4r^isiih 

m-r^ t^^'-ei^o [17 (a) ammm^ms l(Dfmmm^n.^MtLfzm'c 
^n. (b) im^^'^-^it<7y'K.mm^m3 i<^f^m¥Mtww.m¥Mt^^Kiz 
fmLfzmx^^^o ^hiz. (c) (i. (a) tuMi^z. nrnm^^m 3 1 <^Mf& 

10 0 5 7] 

>XIZ^ m 1 <7)|§7tmT-l-i3V^-C(±. ^■yv3»i20^AlGaAs l^zxm^ 

. A 1 GaAsic-r«t7t^y v3>B2 0hiwii:-e^^ : tfz. m<7)mim 

®^-&S3 1 ^f^J^^ i6(7)||L5J!LSBfi;. GaPi:^)^^^-/v3>'S 2 0 7:>^ 
m'l*l^'^e3 l^*iTITO««^3 0t;'>l>^^'«L. ITOmS)i30 
<7)mte^'g-'i3 l-^<7)^«5^Jt:6^1g:Ti-^^tm75^'*)^o :i<Dm^. 112 

<;)X5g (d) {ZTf^-r^ryr^ yv^-^y V9<Dy V') yv^y ^ 
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